INTRODUCTION
Chitosan, as a film-forming polysaccharide, has been considered potential raw material for edible films or coatings. Pure chitosan films were described as generally cohesive, compact with the film surface that has smooth contour without pores or cracks (1) (2) (3) . Many researchers agreed that chitosan possesses pronounced antibacterial/antifungal and antioxidant activities. Together with its film forming ability, this makes chitosan interesting for use as a biodegradable active packaging material (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) .
Antioxidant and antimicrobial activity of pure chitosan film can be improved by incorporating active compounds in the film matrix (7) . Plant essential oils can be considered as a natural alternative to chemical preservatives (11) . However, wider application of essential oils in the food industry is difficult to achieve due to their influence on organoleptic properties of the food and alterations of their natural activity due to interactions with food components (12, 13) .
In this paper, the biofilms based on chitosan as a film-forming substance were produced, and oregano or caraway essential oil was incorporated into it in order to improve the film bioactivity (antioxidant and antibacterial activity). The obtained films were tested for their structural properties, as well as their bioactivity.
EXPERIMENTAL

Materials
Reagents. Commercial chitosan powder from crab shells, highly viscous; 2,2-Diphenyl-1-picrylhydrazyl (DPPH); glacial acetic acid and Tween 20 were purchased from Sigma-Aldrich Chemical Co. (St. Louis, Missouri, USA). Commercial caraway and oregano essential oils (produced by steam distillation) were purchased from Herba doo (Belgrade, Serbia).
Film preparation. Chitosan solution was prepared by dissolving chitosan powder in acetic acid (1% volume concentration) to reach chitosan mass per volume ratio of 10 kg/m 3 . The solution was left stirring over night on a magnetic stirrer to dissolve chitosan. Essential oil (caraway or oregano) in volume concentration of 1 % and wetting agent Tween 20 (50% of essential oil volume) were then added, the solution was heated in a water bath to 60 o C, stirred with laboratory stirrer and then homogenized with 20000 1/min for 2 min (Silent Crusher M, Heidolph, Germany) to obtain white homogenous emulsion. The emulsions were cast on Petri dishes covered with Teflon coating and left to air dry (23±3 o C, 50±10% RH) on a horizontal table surface. The films were labeled: C, for the chitosan film without essential oil; CO, for the chitosan film with oregano essential oil, and CC, for the chitosan film with caraway essential oil.
Methods
FTIR spectra of films
The attenuated total reflection Fourier transform infrared (ATR-FTIR spectra) were recorded at room temperature on a Nicolet iS10 Fourier transform infrared spectroscopy (FTIR) spectrometer (Thermo Fisher Scientific, MA, USA). All spectra were taken in the spectral range of 4000-500 cm −1 with a 4.0 cm −1 resolution. The software Omnic 8.1. (Thermo Fisher Scientific, MA, USA) was used to operate the FTIR spectrometer and collect all the data.
Antioxidant activity
The potential antioxidant activity (AA) of the films was assessed on the basis of scavenging the stable DPPH
• free radical. The DPPH • scavenging activity of the films was determined according to the assay described by , with some modification. In brief, 100 mg of film was placed in a flask containing 2.4 ml of daily prepared 0.16 mM ethanolic solution of DPPH
• and was stirred for 2.5 h, 4 h and 24 h, at room temperature. The controls were without the presence of films. In each sample, the remaining DPPH
• concentration was determined after removing the solid film by measuring the absorbance at 520 nm using T80/T80+UV-Vis spectrophotometer (PG Instruments Ltd. ]c is the concentration of DPPH
• in the respective blank. The measurement was done on freshly cast films, after drying and on the films stored under room conditions for one month, to investigate potential drop of antioxidant activity of the films during storage.
Antimicrobial activity
The antimicrobial activity was tested according to the ASTM E2149 method, which provides quantitative data under dynamic contact conditions. Gram-positive (Staphylococcus aureus ATCC 25923) and Gram-negative bacteria (Escherichia coli ATCC 8739) were used as test organisms. Fresh inoculants for the antibacterial assessment were prepared on nutrient agar (Merck, Germany) at 37 o C for 24 h. The incubated test culture was diluted using a sterilized 3 mM phosphate buffer (KH 2 PO 4 ; pH 6.8), to give a final concentration of 1.5-3×10 5 colony forming units (CFU)/mL. This solution was used as a working bacterial dilution.
The film samples were treated with UV lamp (Kruss, Germany): 254 nm, ½ h for one side of film, cut into test pieces, which had a contact surface area of 58 cm 2 and transferred to a 250 mL Erlenmeyer flask containing 50 mL of the working bacterial dilution. All flasks were capped loosely and shaken for 24 h at room temperature and 120 rpm using a Wrist Action incubator shaker. At the contact times of 3 h and 24 h, 1 mL of the working bacterial dilution was withdrawn, serial diluted, and plated in Trypton soya agar (Merck, Germany). The inoculated plates were incubated at 37 o C for 24 h, and colonies were counted. The average values of the duplicates were converted to CFU/mL in the flasks by multiplying with the dilution factor. The antimicrobial activity was expressed as R, % reduction of the organism after contact with the test specimen compared to the number of microorganisms cells surviving after contact with the control.
Statistical analysis
Statistical analysis was carried out using OriginPro 8 (OriginLab Corporation, Northampton, MA, USA). All data were presented as mean value with their standard deviation 
RESULTS AND DISCUSSION
Visual examination of the C film (obtained by dissolving chitosan in acetic acid) showed that the film was pure, compact, transparent, flexible and colorless. The film CO (with oregano essential oil) and CC (with caraway essential oil) were also compact and flexible, but soft and turbid, with oily surface and odor of caraway or oregano. Unlike the C and CO films, the CC film was yellowish.
FTIR
The FTIR spectra of the C, CC and CO films are shown in Fig. 1 . No significant difference (no new absorption peaks) was found in the C film spectra when essential oils of caraway or oregano were added to the film. Characteristic absorption peaks for chitosan film were identified: a broad band at around 3500-3000 cm 
Antioxidant activity
The DPPH • radical scavenging activity of chitosan films without essential oil (C) and with oregano (CO) and caraway (CC) essential oils is presented in Fig. 2 , while statistical analysis of the results are shown in Table 1 . Scavenging of DPPH
• free radical is one of the most frequently used tests to investigate the antioxidant potential of different natural components in vitro (19) . Different letters abc and ABC mark significantly different means with 95 % probability (p < 0.05) within the same column and within the same row, respectively; aom labels activity of the films after one month of storage in room conditions;
When analyzing results for the AA of films after drying, it can be observed from Fig.  2 and Table 1 that addition of oils affected significantly (p<0.05) chitosan film AA, and that different essential oils led to different increase in the C film AA (p<0.05). For the C and CC films, the antioxidant activity (Fig. 2 not increase with time. The lowest AA (%) was detected for the C film, being 11.64%, after 2.5 h and 28.96%, after 24 h. A low antioxidant activity of chitosan and pure chitosan films has been reported in the literature, and it was mainly attributed to the capacity of residual free amino groups of chitosan to react with free radicals, forming stable macromolecular radicals and ammonium groups (4, 20) . The reported AA values of the chitosan and chitosan films ranged from no activity to 50% (except for the low molecular weight chitosan. When caraway essential oil was added to the chitosan film, AA increased (p<0.05) to 33.47±4.77%, after 2.5 h, and to 81.08±0.64%, after 24 h. This increase in the AA was even higher in the film with oregano essential oil (p<0.05). After 2.5 h, the AA value for the CO film was 87.58±1.71% and after 4 h and 24 h it was above 90%. These results are in agreement with the literature data, showing that the main components of caraway essential oil, ketone carvone and terpene limonene are both antioxidants (21, 22, 23) . Caraway essential oil was shown to inhibit lipid peroxidation in two systems of induction (24) . Oregano essential oil, with its most active constituents: carvacrol, thymol, c-therpinene and p-cymene, is well known for its antioxidant and antimicrobial activity (11, (25) (26) (27) (28) .
After one month of storage in room conditions, no significant difference in AA of the investigated films was detected (p>0.05) (Fig. 2, Table 1 ).
The presented results show that chitosan film can be successfully applied as a matrix carrier for essential oils in the system where both compounds act as antioxidants. The formed system is relatively stable, and it was shown not to lose its activity in one month of storage in room conditions.
Antimicrobial activity
Escherichia coli and Staphylococcus aureus were used as the test bacteria to examine the antimicrobial properties of chitosan films with the addition of essential oil of oregano or caraway, as well as the antimicrobial activity of the chitosan film without oil addition. The results are shown in Tables 2 and 3 . The effectiveness of the antimicrobial agents regarding the dynamic shaking test in accordance with the standard ASTM E 2149-01, exists when the reduction of microorganisms is higher than 75%. From the results shown in Tables 2 and 3 , it can be noted that all tested films showed pronounced antimicrobial activity against two tested bacteria. When caraway essential oil was added in 1% volume concentration to the film, no increase in the antimicrobial action of the chitosan film was detected. On the other hand, the addition of oregano essential oil promoted the antimicrobial activity of the chitosan film, which was particularly evident with Escherichia coli, where both chitosan and chitosan-caraway films needed longer contact period in order to manifest their antimicrobial activity. The obtained results are in accordance with those of some other authors. Coma et al. (1) reported 100% inhibition of Listeria monocytogenes for 8 days by chitosan acetate films, using Emmental cheese as a model system. Lee et al. (29) reported enhanced microbial stability of milk and orange juice that were exposed to paperboard coated with chitosan and nisin. Coma et al. (8) reported that chitosan coating could be used to increase the microbial lag phase while decreasing the maximum density of Staphylococcus aureus, Pseudomonas aeruginosa, and Listeria monocytogenes. Similarly, when chitosan coating was used for the control of Listeria monocytogenes growth on roasted beef, the obtained results showed a considerably lower number of microorganisms in the presence of chitosan coating (2-3 log after 28 days on 4 o C) (30) . The films based on chitosan led to a decrease or full inhibition of the growth of Enterobacteriaceae and Serratia liquefaciens on the surface of traditional sausage pastrami (31 (32, 33) . This makes oregano essential oil a very interesting component in active film design.
CONCLUSION
The addition of essential oils of caraway and oregano affected the appearance of chitosan film, making it turbid, yellowish with oily surface and odor characteristic of caraway or oregano. These changes could influence possible applications of the active film, so visual appearance of the film needs to be aligned with the area of application. Also, the odor of the film should not affect sensory properties of the packed product. The essential oils promoted the antioxidant activity of chitosan film, especially oregano oil, but cara- way also had a considerable contribution to the film activity. The results for the antimicrobial activity showed that chitosan film is an effective antimicrobial agent, but the addition of oregano essential oil increased this activity even further, while the effect of caraway essential oil on the chitosan film antimicrobial activity was not detected for the used concentration of caraway oil. The presented results show that chitosan film can be successfully applied as a matrix carrier for essential oils in the system of active film.
